Chrysanthemum is one of the commercially important flower crop with great potential both as loose and cut flowers in Karnataka state. In the present study, prevalence and incidence of leaf blight disease was studied in six major growing districts of South Karnataka during 2012 -2013. The pathogen associated with leaf blight disease was isolated and identified as Alternaria alternata. The study revealed that, the disease was distributed in Southern districts of Karnataka wherever Chrysanthemum is grown. The varieties Chandini and Karnel were more susceptible to blight showing highest disease incidence (100%) and severity (100%) recorded from Mandya and Mysore regions. The lowest disease incidence, severity and PDI of 18.40%, 38.68% and 24.89% were recorded on Rajawhite variety in Bangalore region. During 2013, the highest disease incidence, severity and PDI with 100%, 98.47%, and 45.71% were recorded in Mysore district on Chandini variety. In vitro evaluation of four fungicides on Alternaria alternata revealed that Carbendazim+Mancozeb was most effective with 95.65% inhibition followed by Carbendazim, Mancozeb and Metalaxyl+Mancozeb with 68.26%, 91.30% and 91.30% inhibition of the mycelium at 2.0% concentration.
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INTRODUCTION
Sinduvallipura, Sinduvalli, and Bilikere), Mandya (Banangadi and Bellale), Chamrajanagar (Verranapura a n d P u n j a n a h a l l i ) , B a n g a l o r e ( D e v a n a h a l l i , Kumbarnahalli and Gottipura), Chikkaballapura (Kamashettinahalli and Manchinabale) and Tumkur (Kerebandipalya and Nitturu) districts of Southern Karnataka. Random sampling procedure was followed for recording the disease incidence, severity and per cent disease index (PDI) (Sikdar and Krishnaswami, 1980) . For disease incidence each plot having 25 plants were selected and number of infected plants were counted. From each plot, 10 infected plants were randomly selected and total number of infected leaves and healthy leaves per plant were counted (Jambhulkar and Singh, 2012) . The severity of disease was calculated by using the formula;
Isolation and identification of fungal pathogens
Leaf samples showing typical leaf blight disease symptoms were collected and used for isolation of fungal pathogen. The infected leaf was cut into small pieces with a sterile blade and disinfected with 0.5% sodium hypochlorite (NaOCl) solution for 2 min. followed by wash in sterile water. The cut samples were dried on sterile blotting paper and placed on Potato Dextrose Agar (PDA) medium and incubated at 27° ± 2° C for 7days. The growth of the fungal mycelia observed after five days of inoculation was sub cultured on PDA. The pathogen was identified based on colony morphology, reproductive propagules (Ellis, 1971; Mathur and Kongsdal, 2003) .
Molecular identification of the fungal pathogen
Fungal genomic DNA was isolated using DNA isolation kit (Chromous Biotech, Bangalore) and DNA was used directly for PCR amplification using universal primers ITS1 (5'-TCCGTAGGTGAACCTGCGG-3') and ITS4 (5'-TTCCTCCGCTTCTTGATATGC-3'). PCR was carried out in 50µl reaction mixture containing 0.5µl of DNA sample, 2 µl of forward primer and 2 µl of reverse primer (20pM each) , 2µl of 2.5 mM dNTPs, 5µl of 10 X buffer, 0.5µl of Taq DNA polymerase and 38µl of nuclease free water. The PCR condition includes; pre-denaturation at 94°C (5min) followed by 35 cycles of denaturation at 94°C (30 sec), annealing at 55°C (30 sec), elongation 72°C at (1min) and post elongation at 72°C for 10min. PCR products obtained were purified using gel extraction kit and separated on 1.5% agarose gel and stained with 1% ethidium bromide and documented. PCR product was sequenced directly with a Big Dye Terminator v3.1 Cycle Sequencing kit using ABI 3500XL Genetic analyzer. The double stranded DNA sequence was assembled and analyzed using BDTv3-KB-Denovo_v5.2 analysis protocol and data analysis software (Seq Scape_v5.2). The analyzed DNA sequences were then compared with sequences retrieved from the DDBJ/EMBL/GenBank d a t a B a s e s u s i n g N C B I -B L A S T p r o g r a m m e (http://blast.ncbi.nlm.nih.gov/Blast.cgi) (Kawuri et al, 2012) . The sequences were aligned through Phylogeny.fr (http://phylogeny.lirmm.fr/phylocqi/index.cqi), a free online program, and a weighted neighbor-joining tree was constructed (Divakara et al., 2013) .
Pathogenecity
Thirty (30) days old healthy Chrysanthemum Chandini variety was used for attached and detached leaf assays (Mridha et al., 2007) . For attached leaf assay, seven day old conidial suspension (1x10⁵ conidia/ml) of Alternaria alternata was sprayed on the foliage and covered with polythene bags for 48hrs. Leaves sprayed with only sterile water served as control. For detached leaf assay, the detached leaves were washed in sterile water and inoculated with 10µl of the same conidial suspension in a moist chamber. Leaves treated only with sterile water served as control (Mridha et al., 2007) . The leaves were incubated in a moist chamber at 24°C ± 2°C for 15 days. Appearance of leaf blight symptom was assessed after 20-30 days of post inoculation.
Fungicidal control of the pathogen in vitro
Effect of fungicides on mycelial growth of the pathogen was tested on PDA medium using poison food technique (Mamza et al., 2008) . Fungicides Mancozeb 75% WP, Carbendazim 50%WP, Carbendazim 2% + Mancozeb 63%WP and Metalaxyl 8%+Mancozeb 64% WP were evaluated at 0.05%, 0.10%, 0.25%, 0.50%, 1.00%, 1.50% and 2.00% in vitro. Plates inoculated with equal volume of sterile water served as control. PDA (20ml) amended with different fungicides was inoculated with seven days old fungal culture by means of point inoculation and plates were incubated at 28°±2°C. The radial mycelial growth was recorded after 8 day of inoculation. The percent inhibition of the mycelial growth of test fungus was calculated by the following formula (Mridha et al., 2007) .
Statistical Analysis: Data was subjected to statistical analysis using statistical package such as SPSS 14.00. One Way ANOVA and DMRT (Duncan Multiple Range Test) was applied; the p-values < 0.05 was calculated.
RESULTS AND DISCUSSION
The results of field survey conducted in six major Chrysanthemum growing districts of South Karnataka during 2012-13 is presented in Table -1 and Figure -1 . The results revealed that, leaf blight of Chrysanthemum was the most destructive disease in many of regions of South Karnataka. The disease symptoms initially appeared as small lesions, and later became yellowish and turned brown to black spots with increasing diameter from 0.4mm to 1.5cm. As the disease advanced many spots united to form large irregular spots (2.5cm -6cm). The lower leaves were found infected first followed by upper leaves (Figure-2) . Reduction in flower size, number and bud blackening was also observed under severe infection. Schmidt (1958) for the first time reported a fungal leaf spot of Chrysanthemum maximum L. caused by Alternaria chrysanthemi Simmons and Crosier from Austrian Tyrol. Alternaria blight of Chrysanthemum cinerariaefolium caused by Alternaria tenuissima was reported from Bangalore (Srinath and Sarwar, 1965) .
Further the study revealed that the incidence varied from locality to locality depending on the Variety of Chrysanthemum cultivated. The varieties Chandini and Karnel were found more susceptible to leaf blight disease. The disease incidence and severity were maximum in Mandya, Mysore and Bangalore regions. The per cent disease index was maximum (54.57%) on Karnel variety in Mysore region. The lowest disease incidence, severity and PDI (18.40%, 38.68% and 24.89%) were recorded on Rajawhite variety in Gottipura region (Table-1) . Hiremath et al. (1990) reported 95 to 100 per cent incidence of the Alternaria blight of sunflower disease in north Karnataka. 24. 47% PDI of leaf blight caused by A. alternata was recorded from Western Maharashtra on cotton plants (Perane et al., 2013) .The mean leaf blight disease incidence and intensity on Gerbera ranged from 50.7 to 67.5% and 19.2 to 28.2% respectively in flower grower growing regions of Kashmir Valley surveyed during 2009. He also observed the maximum incidence development during June (Bhat et al., 2013) .
In the present study, there was no leaf blight disease incidence, severity and PDI was recorded from five regions of Karnataka namely Doddakanya, Sinduvalli, Bilikere 3, Sindhuvallipura and Kerebandipalya on Karnel, Chandini, White and Pacche varieties as farmers provided necessary fertilizers and fungicides in required time ( Table -1 ). Among six regions surveyed, highest disease incidence, severity and PDI with (100 %, 98.47%, and 45.71%) were recorded from Bilikere region of Mysore district on Chandini variety (Table-1, Figure-3 ). The disease incidence was observed more in 2012 may be due to farmers normally do not practice effective fungicidal spray against Alternaria leaf blight and also the variations in rainfall. Another reason for high disease incidence may be due to continuous cropping of Chrysanthemum in farmers field year after year without following crop rotation system. High disease incidence at some locations could be attributed to high plant density leading to high humidity, high temperature during growing seasons, more amount of rain, cultivation of similar or related flower crops in adjacent fields (Ghosh et al., 2009; Bhat et al., 2013) . Lower disease at some places could be attributed to balanced dose of fungicides, sanitation, wide spacing besides rapid disposal of debris of Chrysanthemum crop. The observations are in accordance with Hampherson (1983) ; Duhan and suhag (1990).
The isolated fungal pathogen was identified and c o n f i r m e d a s A l t e r n a r i a a l t e r n a t a b a s e d o n
symptomology, pathogenicity, morphology and molecular methods. The pathogen produced profuse mycelial growth on potato dextrose agar medium. Initially, the mycelium was hyaline later turned to greybrownish with multicelled, septate conidia. Conidia born in chains on a conidiophores, 10 or more, light olivaceous to dark brown, obclavate to ellipsoid, apex tapered, 1-3 longitudinal and 2-10 transverse septa (Figure -2) . Conidia measured 32.42μm (12.36 -61.76 µm) x 13.79 µm (9.1-21.1μm) (n=25). Kamalakannan et al. (2008) reported A. alternata as leaf spot on Aloe barbadensis, the fungus produced conidiophores with branched, straight, golden brown in colour measuring 15µm long and 2-6µm thick. Conidia varied from 22.75 to 63.70 µm in length and 13.65-18.20µm. Conidia had 2-3 transverse septa and usually several longitudinal septa (Ellis, 1971) . The PCR amplification with universal primers yielded an expected 550bp length amplicon (Figure-4) . The sequence analysis and BLAST search results revealed that the sequence showed 99% homology with Alternaria alternata. The sequence was submitted to GenBank with accession number KP313563. The phylogeny revealed that the fungal pathogen was very close Alternaria alternata with a genetic distance of 0.002 (Figure-5 ).
The pathogenicity test proved that the pathogen infects the Chrysanthemum (variety Chandini) causing typical leaf blight symptoms after eight days of post inoculation. The symptoms on the leaves were observed in all the inoculated plants with difference of severity and symptoms. The pathogen was re-isolated and confirmed. The detached leaf assay revealed that, out of six leaves inoculated, symptoms appeared on five leaves after 10 days of post inoculation. The different Chrysanthemum varieties cultivated in Karnataka were not found to be completely free from leaf blight disease. Complete resistance has not been observed in any variety among the Chrysanthemum varieties surveyed (Ghosh et al., 2009) . Variation in disease incidence, severity and percent disease index was observed due to changes in temperature, rainfall regard to the growing regions and different varieties of Chrysanthemum.
All the fungicides tested significantly inhibited the mycelial growth of Alternaria alternata (Table-2) at 2.0% concentration. The fungicide Carbendazim+Mancozeb gave the maximum inhibitory effect of 68.26%, 84.34%, 91.30%, 91.30% and 95.65% at concentrations 0.25%, 0.50%, 1.0%, 1.50% and 2.00% respectively on the mycelia growth of A. alternata compared to other fungicides tested (Table-2 ). Considerable variation in percent inhibition of mycelial growth was increased with increase in concentration of the fungicidal treatment. The second highest percent inhibition was produced by Mancozeb (91.30%) and Metalaxyl+Mancozeb (91.30%) at 2.0% concentration (Table-2) . Srinivas et al. (1997) also found the efficacy of Captan and Mancozeb in reducing disease severity against Alternaria blight of sunflower. Chatage and Bhale (2011) found Mancozeb effective range from 20 µg/ml to 300 µg/ml. The preventive spray of Iprodione+Carbendazim (0.1%) fungicide was found effective with 95.88% disease control in controlling the Alternaria blight disease of Gerbera (Nagrale, 2012).
CONCLUSION
In Karnataka, the peak period for Chrysanthemum production is August to November. None of the varieties cultivated in Karnataka found completely free from leaf blight disease. There was a significant difference with respect to disease incidence, disease severity and per cent disease index of leaf blight disease on different varieties of Chrysanthemum growing in Southern districts of Karnataka. The maximum disease incidence and severity were observed on Chandini, Karnel and White varieties from six regions of Bangalore and Mysore regions. The most susceptible variety to leaf blight disease was Chandini showed high disease incidence (100%) and severity (100%) followed by the varieties Karnel and Rajawhite. There was significant reduction in disease incidence and severity in all the regions surveyed from 2012 to 2013. Among the four fungicides evaluated in vitro at seven different concentrations (0.05%, 0.10%, 0 . 2 5 % , 0 . 5 0 % , 1 . 0 0 % , 1 . 5 0 % & 2 . 0 0 % ) Carbendazim+Mancozeb gave highest 95.65% inhibition at 2.0% fungicide concentration. The least effective fungicide was Carbendazim at 0.25% concentration with 32.17% inhibition of the mycelium.
ACKNOWLEDGEMENT
The first author would like to thank the University Grant Commission (UGC), for the financial support to carry out this research work under Rajiv Gandhi National 
